85% with mortality and morbidity rates less than 2%. 25 Other therapeutic options for the management of patients with ACTH-secreting pituitary adenoma include treatment with adrenostatic medications, pituitary irradiation, and bilateral adrenalectomy. These last options are often used in cases in which pituitary adenomectomy has failed. 24 The perioperative management of patients with ACTHsecreting adenomas is not uniform. While some centers have abandoned the routine administration of glucocorticoids during the first few hours after surgery, many continue to use glucocorticoids during and after surgery. Similarly, while some centers define early remission as a perioperative serum level of less than 2 g/dl, 16 others use a serum level of less than 5 g/dl as an indication of early success. 29 Some authors 25 have also used the perioperative serum cortisol levels as a guide for early intervention and perhaps reexploration of the sella turcica.
In this report, we review the changes in cortisol secretion that occur after pituitary adenomectomy and discuss the rationale and timing of withholding glucocorticoid therapy during and after adenomectomy. We also discuss the limitations of serum cortisol measurements and the impact on case management.
Perioperative Glucocorticoid Administration

Patients With Non-ACTH Secreting Adenomas
The administration of glucocorticoids to all patients undergoing pituitary adenomectomy was routinely practiced in the 1970s and 1980s, regardless of adenoma type. The rationale for this practice was the unsubstantiated concern for the potential damage to the normal gland. Several studies conducted in patients with pituitary adenomas during and after selective adenomectomy demonstrated that the HPA function is highly activated. 18 This was evidenced by appropriately elevated plasma ACTH and cortisol levels. [1] [2] [3] Over the years, many centers have abandoned the routine use of glucocorticoids during pituitary adenomectomy.
Patients with preoperative ACTH deficiency will obviously need glucocorticoid therapy, at least during and perhaps immediately after selective adenomectomy. 16 Several studies have documented the immediate recovery of HPA function after selective removal of larger adenomas with the subsequent recovery of other pituitary function thereafter.
1,2 Many such patients who had documented hypopituitarism preoperatively recover at least partial HPA function immediately after adenomectomy and are discharged without replacement therapy. 1, 2, 16, 36 
Patients With ACTH-Secreting Adenomas
The HPA function in patients with ACTH-secreting adenomas is distinctly different from that of others harboring different types of tumors. In patients with ACTH-secreting adenomas, autonomous secretion of ACTH by the tumor stimulates excessive and persistent increases in cortisol secretion. The latter persistent state of hypercortisolism causes suppression of normal pituitary corticotrophs. Thus, because the normal corticotrophs have been suppressed, patients exhibit signs and symptoms of ACTH deficiency shortly after an ACTH-secreting adenoma is completely resected. In these patients ACTH deficiency is transient, often lasting 6 to 18 months. 16 In fact, the development of ACTH deficiency after removal of a pituitary corticotroph adenoma is a favorable sign that often indicates the high likelihood for remission of Cushing disease.
Over 25 years ago, we reasoned that instead of treating patients with Cushing disease with glucocorticoids, one could monitor the development of ACTH deficiency in the immediate postoperative period. 4 At that time, serum cortisol measurements were not as readily available as they are A. Krikorian et al.
now. The results were usually available 2 or 3 days after samples were drawn. For that reason, such patients were monitored very carefully in the intensive care unit. They were given glucocorticoids whenever they exhibited any symptoms suggestive of adrenal insufficiency-without the wait for the serum cortisol concentrations. It is quite important to note that most patients whose serum cortisol levels were less than 5 g/dl had minimal to moderate symptoms and were hemodynamically stable during the first 48 hours after adenomectomy. We noted that serum cortisol levels drop to less than 3 g/dl approximately 30 to 36 hours after complete adenomectomy. A typical graph of the changes in serum cortisol and plasma ACTH levels in the immediate postoperative period is presented in Fig.  1 . The graph shows that although plasma ACTH levels decline rapidly after adenomectomy, they are still measurable during the first 12 hours. This observation is supported by data published by Graham and colleagues, 14 who measured plasma ACTH levels during the first 60 minutes after adenomectomy. The authors noted that 1 hour after adenomectomy plasma ACTH levels decreased by 54% in patients who were subsequently considered cured. The authors also noted that although patients who were not cured had a lower percentage drop in their plasma ACTH levels during the first postoperative hour, it was difficult to predict cure on the basis of ACTH measurements at that time. Thus, based on these data and recognizing the half-life of cortisol, it would be reasonable to state that serum cortisol levels remain normal or high during and immediately after surgical adenomectomy.
These data along with ours argue strongly against the necessity of administering glucocorticoids to patients with ACTH-secreting adenomas during or immediately after adenomectomy. Several centers have reported successfully withholding routine corticosteroid administration to patients with Cushing disease during and immediately after adenomectomy. 10, 16, 25, 29 Indeed, in a comparison of serum cortisol levels in patients achieving remission from Cushing disease and those who did not, a drop in serum cortisol levels started to occur 6 hours postoperatively and did not become statistically different between the two groups until 12 hours after adenomectomy. 29 In another study of 27 patients with Cushing disease, 30 all patients were not given routine perioperative glucocorticoids and those achieving remission did not develop clinical symptoms of adrenal insufficiency until the first postoperative day.
Nevertheless, review of current literature shows that routine perioperative administration of corticosteroids in patients undergoing pituitary adenomectomy for Cushing disease is still a common and widely reported practice. [19] [20] [21] [22] [23] Thus, despite the state of endogenous hypercortisolism associated with Cushing disease, many such patients are still unnecessarily given exogenous glucocorticoids during pituitary surgery.
In summary, close monitoring of serum cortisol postoperatively allows the detection of those patients who will need glucocorticoid replacement. We advocate measurements of serum cortisol every 6 hours starting immediately after adenomectomy and continuing for 3 days postoperatively. We also advocate the administration of hydrocortisone replacement when signs and symptoms of adrenal insufficiency develop and/or when the serum cortisol is less than 2 g/dl.
Perioperative Assessment of Surgical Outcome
Several methods have been used to define remission after removal of ACTH-secreting adenomas. These methods include serum cortisol measurements, 24-hour urinary
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Perioperative management of Cushing disease free cortisol determination, the 1-mg dexamethasone suppression test, and dexamethasone suppression combined with corticotropin-releasing hormone administration. 5, 8, 26 Of these options, the simplest to perform is measuring serum cortisol levels frequently and directly after surgery. As stated earlier, normal pituitary corticotrophs are suppressed in patients with ACTH-secreting adenomas. This fact becomes evident shortly after complete adenomectomy, when plasma ACTH and serum cortisol levels decline quickly. In many centers, including our own, patients are monitored for the development of adrenal insufficiency in the immediate postoperative period. In such instances, the development of adrenal insufficiency is a good prognostic sign indicating possible complete adenomectomy and a high likelihood of remission; the suppression of the HPA axis often lasts several months, and in these cases glucocorticoid replacement is required for 9 to 12 months.
The sparing use of perioperative glucocorticoids permits early assessment of remission after adenomectomy by direct measurements of serum cortisol levels. A serum cortisol level of less than 2 g/dl in the early postoperative phase has been reported to be an excellent prognostic indicator associated with long-term remission. 33, 34 The nadir serum cortisol levels seem to occur by 48 hours postoperatively in most patients. 16 As a corollary, the absence of hypocortisolism in the postoperative period is associated with a recurrence rate of up to 67%. 11 Some authors have advocated the use of a cut-off value of 5 g/dl to define remission in the immediate postoperative period. 10, 15 The authors of one study reported that disease recurred in one (4%) of 25 patients with a postoperative plasma cortisol level of less than 2 g/dl. 20 In a retrospective study, 35 disease recurred in 11.5% of patients who had undetectable cortisol levels postoperatively. One limitation of this study was the different detection ranges of the cortisol assays used over the years. Nevertheless, it can be inferred that the use of a higher cutoff value may lead to decreased specificity of the serum cortisol for predicting recurrence. It is very important to emphasize the fact that a drop in serum cortisol to less than 2 g/dl in the immediate postoperative period is clearly associated with remission but is still associated with a small (10%) probability of recurrence in the future.
As stated earlier, other approaches to assessing the outcome of resection in the perioperative period have been reported. 5, 8, 26 Data on urinary free cortisol measurements show a statistically significant difference between remission and treatment failure groups only after 6 weeks after surgery. 7 The combination of the dexamethasone suppression test and administration of corticotropin-releasing hormone is limited by low specificity. 5 A report by Chen and colleagues 8 evaluated the utility of overnight suppression of HPA function with dexamethasone (1 mg) in the assessment of surgical outcome in patients with Cushing disease. In the latter study, Chen and colleagues 8 determined serum cortisol levels on the third postoperative day, after having administered dexamethasone (1 mg) the night before the measurement. The authors reported a 93% 5-year remission rate in the patients who had a serum cortisol level of less than 3 g/dl the morning after dexamethasone administration. Although this approach to assessment might be reasonable, it does not offer any significant advantage over the previously discussed protocol that avoids the use of dexamethasone. It is well known that many patients with Cushing disease show partial suppression of HPA axis function after dexamethasone administration. The phenomenon might result in misleadingly lower serum cortisol, particularly in patients with incomplete tumor resection who are also sensitive or responsive to dexamethasone.
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Serial measurements of serum cortisol (solid line) and plasma ACTH levels (interrupted line) obtained before and immediately after adenomectomy (Time 0) in a young man with histologically documented ACTH-secreting pituitary adenoma. After the first surgery, the serum cortisol and plasma ACTH values were decreased but not to the expectedly low levels noted after complete adenomectomy. After confirmation of the presence of corticotroph adenoma on the first surgical procedure, it was felt that the adenomectomy was incomplete and therefore re-exploration of the sella was performed soon thereafter. The changes in serum cortisol and plasma ACTH after the second surgical procedure were similar to those observed after complete adenomectomy as shown in Fig. 1 .
Limitations to the Use of Serum Cortisol Levels
Several factors limit the interpretation of serum cortisol levels in the immediate postoperative period. These limitations should be considered in interpreting data on serum cortisol measurements. One such limitation is the impact of changes in corticosteroid-binding globulin. All commercially available assays used for the determination of serum cortisol concentrations measure the total serum cortisol levels. Because over 90% of the serum cortisol is found in the protein-bound form, abnormalities in the major binding protein (corticosteroid-binding globulin, or transcortin) have a major impact on measured total cortisol concentrations. 17 High-estrogen states such as are found in pregnancy or in patients treated with estrogen (as in postmenopausal estrogen replacement therapy or oral contraception) can lead to an increase in transcortin and a subsequent rise in measured serum cortisol concentrations. 9 The impact of increased transcortin becomes more apparent and relevant when serum cortisol levels are determined in patients with ACTH-secreting adenomas shortly after adenomectomy. One such example is shown in Fig. 2 : The patient had classical features of Cushing disease and was being treated with postmenopausal estrogen replacement therapy at the time of surgical adenomectomy. The graph shows that the drop in plasma ACTH in that patient is similar to that illustrated in Fig. 1 for a typical patient after adenomectomy. The decline in serum cortisol levels was slower, however, in the patient receiving estrogen (Fig.  2) than was seen in the typical patient (Fig. 1) . Failure to acknowledge the effect of estrogens in elevating corticosteroid-binding globulin levels would have led to misinterpretation of the test results. Hepatitis constitutes another condition in which globulin levels, including corticosteroid-binding globulin, are often elevated and hence lead to an elevated total cortisol level. 27 Ketoconazole has been used in the pharmacological treatment of some patients with Cushing disease. 31 In the adrenals, ketoconazole inhibits cytochrome P450 11B1, but it also inhibits cytochrome P450 11A1. It may also inhibit ACTH secretion by impairing corticotroph adenylate cyclase activation as was shown in vitro in rat anterior pituitary cells. 32 Thus, both ACTH and serum cortisol measurements in a patient being treated with ketoconazole must be interpreted with caution.
Approach in Patients With Postoperative Serum Cortisol Levels Over 2 g/dl
Several possibilities should be considered whenever a patient's serum cortisol level does not fall to below 2 g/dl after apparent complete adenomectomy. The possibility of elevated serum transcortin levels should be considered if the serum cortisol value is decreased to levels between 3 and 10 g/dl at 48 hours after surgery, especially in the presence of signs and symptoms of adrenal insufficiency. Measuring the free serum cortisol level would be helpful but the results might not be available for several days. In the presence of symptoms of adrenal insufficiency, glucocorticoid replacement therapy should be initiated. In the absence of such symptoms, observation would be warranted as other possibilities should be considered. One such possibility is incomplete resection of the adenoma. An example of such a situation is illustrated in Fig. 3 . In that instance, reexploration of the sella was undertaken after confirmation of the presence of an adenoma secreting ACTH.
If the serum cortisol level remains clearly elevated, other
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Serial measurements of serum cortisol (solid line) and plasma ACTH levels (interrupted line) obtained before and immediately after adenomectomy (Time 0) in a woman with Cushing disease. At the first surgical procedure, an adenoma measuring 1.2 cm was removed; on subsequent testing it proved to be not an ACTH-secreting lesion. Reexploration of the sella demonstrated the presence of a 2-mm adenoma on the other side of the pituitary; this second tumor was demonstrated to be an ACTH-secreting lesion. A transient rise in the concentrations of ACTH and cortisol was noted for a few hours after the first surgical procedure, after which the levels returned to their respective baseline. In contrast, after the second surgical procedure, both levels decreased rapidly as would be expected after complete removal of an ACTHsecreting adenoma.
considerations should be raised. If no adenoma was found at surgery, one should question the accuracy of the diagnosis. If, on the other hand, an adenoma was seen and resected at surgery, then one should confirm whether that adenoma was ACTH secreting or not. Finding an adenoma in the sella does not necessarily mean that it is the source of ACTH hypersecretion. This scenario is illustrated in Fig. 4 . In that case, the clinical and biochemical features of Cushing disease were classic, and the magnetic resonance imaging study showed a 1.2-cm adenoma. At surgery, the neurosurgeon removed the obvious adenoma without complications and did not thoroughly inspect the other side of the pituitary. Figure 4 illustrates the laboratory findings after surgery in that case. There was a noticeable rise in plasma ACTH and serum cortisol concentrations followed by a return to preoperative values shortly after surgery. Reexploration of the sella was quickly decided upon when the immunostaining of the resected adenoma showed that it was an incidental adenoma and not an ACTH-secreting lesion. A 2-mm adenoma was found and removed during the second surgery.
Another possibility to consider is that the diagnosis might be inaccurate. Specifically, pseudo-Cushing syndrome as well as nonpituitary causes of hypercortisolism such as ectopic ACTH secretion should be considered. In cases in which the resected adenomatous tissue stained positive for ACTH, the lack of drop in serum cortisol level to less than 2 g/dl often suggests incomplete adenomectomy, provided that the previously discussed limitations and concerns have been carefully addressed. This finding A. Krikorian et al. often raises the questions of reexploration and the best timing for repeated surgery. This issue will be discussed in the following section.
Early Reoperation for Cushing Disease
Success rates, as determined by remission of Cushing disease, after initial resection of ACTH-secreting adenomas have been reported to reach 91%. 19 Mortality rates are increased in patients in whom surgery fails, whereas in patients who experience early remission the mortality rates are comparable to those in the age-and sex-matched general population. 15 Thus early treatment of incompletely resected lesions appears to be a reasonable approach. In a retrospective review of 96 cases in which patients required repeated transsphenoidal surgery, with a mean interval between the two surgical procedures of 44 weeks, an initial remission was reported in 57% and a sustained remission was maintained in 43% of patients with Cushing disease. 6 In another study in which the reexploration was performed 7 to 46 days after initial surgery, an improved initial remission rate of 71% was noted. 28 Similar outcomes were reported when repeated surgery for Cushing disease was performed within 15 days of the first operation (67% remission rate). 25 Early surgical reexploration offers the added advantage of little distortion in anatomy and lack of fibrosis related to the initial procedure. These success rates after reoperation are achieved at the expense of an increased risk of hypopituitarism. 13 Considering the high rate of morbidity associated with Cushing disease, repeated surgery would be a reasonable choice unless fertility is an important consideration for the patient involved. For that reason, the recommendation for reexploration should be thoroughly discussed among all members of the management team and with the patient. The extent of resection at the time of reexploration is individualized and depends on the clinical setting, the findings at the first procedure, and the patient's desires and possible interest in future fertility. This last point is particularly important because the second surgical procedure can lead to partial or complete loss of pituitary function. Despite many recent advances, restoration of fertility in patients with hypopituitarism is quite challenging and can be very expensive. In cases of incomplete adenoma resection, a hemihypophysectomy is the preferred option. An example of such a situation is illustrated in Fig. 3 . In our experience, the success of hemihypophysectomy, as a second procedure, in inducing remission is approximately 65%, which is comparable to other investigators' published experience. 6, 25, 28 A total hypophysectomy is generally recommended and planned for patients who have already had a hemihypophysectomy without any demonstrable pituitary abnormality on the first surgical procedure, provided the risk of hypopituitarism is acceptable. Nevertheless, the success rate for total hypophysectomy after an initial hemihypophysectomy is certainly less impressive and is close to 50% at our center, although it must be acknowledged that this rate is based on only a small number of cases. It is our policy to reexamine all available data to confirm the pituitary origin of ACTH hypersecretion before recommending a total hypophysectomy. Over the past 10 years, we encountered four patients who had classical clinical and biochemical features of Cushing disease in whom a pituitary source was demonstrated by a 10-to 20-fold gradient increase in plasma ACTH levels during inferior petrosal sinus catheterization. These four patients had initially undergone a hemihypophysectomy because no obvious tumor had been noted. In two of the patients, a total hypophysectomy resulted in a remission even though no histological documentation of an adenoma was achieved. These two patients have been followed up for 6 and 8 years without evidence of recurrence. In the remaining two patients, a total hypophysectomy did not influence ACTH secretion but resulted in loss of all other pituitary function. Thus, as demonstrated in these two examples, total hypophysectomy might not benefit all patients with a presumed pituitary source of ACTH. Theoretically, a tumor secreting ACTH can be located in a parasellar region such as the cavernous sinus and might escape visualization during surgery. Only limited data have been published by other investigators who encountered similar cases. 25, 28 Of 11 patients in such cases in the two reports (cases in which the results of exploration at the time of initial hemihypophysectomy were negative), eight had remission of the hypercortisolemic state after subsequent total hypophysectomy. 25, 28 Thus, in light of the high morbidity and mortality rates associated with Cushing disease, we believe the approach is justified and reasonable as long as there are definitive data demonstrating a pituitary source of ACTH hypersecretion and hypopituitarism is an acceptable risk in the specific cases in question.
Conclusions and Recommendations
An algorithm for the perioperative management of patients with Cushing disease is presented in Fig. 5 . Pituitary adenomectomy is the standard approach for initial management. The interaction and communication between all members of the management team are important in the final outcome of these patients. The success of this intervention depends to a large degree on the experience and expertise of the management team as well as the location, extent, and the invasive nature of the adenoma. Establishing an accurate diagnosis is the first step towards optimal management of patients with this disease. Routine administration of glucocorticoids in the perioperative period is not warranted nor is it clinically indicated. The routine use of perioperative glucocorticoids would confound the interpretation of clinical as well as biochemical data obtained after surgery. Frequent determinations of serum cortisol levels as well as close clinical monitoring for signs and symptoms of adrenal insufficiency are necessary. Glucocorticoids should be administered when serum cortisol levels fall below 2 g/dl or when clinical signs of adrenal insufficiency are encountered. The absence of hypocortisolism postoperatively should prompt a reassesment of the diagnosis, evaluation of potential confounding elements, and consideration of repeated surgery.
